37 Main outcome Very low density lipoprotein1 (VLDL 1 ) and VLDL 2 -TG and apolipoproteinB (apoB) 38 kinetics investigated using stable isotopes before and after the intervention.
7
161 Ten-year cardiovascular risk was calculated using the 10 year Framingham Risk Score (FRS) (22).
162 Homeostatic Model Assessment (HOMA2) was used to assess whole body insulin sensitivity 163 (HOMA2-%S) (23). Adipose tissue insulin resistance (Adipo-IR) was calculated by multiplying 164 fasting plasma NEFA concentration with fasting serum insulin concentration.
165 Percent Change in IHCL was calculated as Pre-Post intervention/Pre x100. Changes in other 166 measurements were calculated as Pre-Post intervention.
167
168 Statistical analysis Statistical analysis of the data was performed using SPSS version 21.0 for 169 Window (Chicago: SPSS Inc.). IHCL is shown as median (interquartile range). All other results are 170 means ± SEM. Non parametric data was log-transformed. Basal comparisons were performed using 171 Student's t test. Within-group changes between baseline and 16 weeks were compared using paired t 172 tests. The change between baseline and 16 weeks was compared between groups using student's t test 173 for parametric data and Mann-Whitney U test for nonparametric data. Correlations were assessed by 174 Pearson's correlation coefficient and Spearman's rho correlation coefficient when the data were not 175 normally distributed. A p value <0.05 was taken as statistically significant. 246 We have demonstrated for the first time that a 16 week supervised exercise intervention which 247 significantly improved cardiorespiratory fitness and reduced liver fat by over 50% in men with 248 NAFLD increased the FCR (a measure of clearance) of both VLDL 1 -TG and apoB.
249 It is well documented that VLDL 1 -TG and apoB FCR increases with acute exercise (24) but this effect 250 is not sustained 48h after exercise (25). In the current study subjects abstained from exercise for 72h 251 prior to the measurement of VLDL kinetics in order to measure the chronic, rather than the acute, 252 effects of exercise. NAFLD is highly associated with peripheral and hepatic insulin resistance (26,27), 253 as observed in our participants who had a fasting insulin concentration double that reported in healthy 254 subjects. There was an improvement in insulin sensitivity, as measured by HOMA %S, with exercise 255 training, as has also been demonstrated previously in type 2 diabetes mellitus and overweight subjects 256 (20, 15) . We have also shown in a different subset of patients with NAFLD that 4 months of exercise 257 training (with a similar-sized effect on fitness and IHCL to the current study) improved peripheral but 258 not hepatic insulin sensitivity (16). In the current study an improvement in peripheral insulin 259 sensitivity was also demonstrated with the decrease in adipose-IR. LPL activity is regulated by insulin 260 (28) and 20-weeks endurance exercise training in healthy men, which increased VO 2max by 13%, has 261 previously been shown to significantly increase post-heparin plasma lipoprotein lipase (29). Increased 262 LPL activity would provide a mechanism for the increase in VLDL 1 -TG and apoB FCR observed in 263 the current study. Notably for VLDL 1 -TG and apoB FCR it was the catabolic pathway that was 264 increased rather than the transfer of TG to VLDL 2 . The increased clearance of TG from the systemic 265 circulation, while the production rate of TG was simultaneously maintained, would enable the liver to 266 export some of the stored TG for hydrolysis in skeletal muscle to sustain increased demand for fatty 267 acids during exercise.
268
The reduction in body weight in the exercise group is unlikely to have mediated the increase in 269 VLDL 1 -TG and apoB clearance since previous studies have shown weight loss in obese men, 12 271 (30) . Similarly in obese women, a hypocaloric diet has been shown to have no effect on either VLDL-272 TG or VLDL-apoB FCR (31).
273
The failure of exercise training to lower VLDL 1 -apoB and TG production rate and to increase 274 VLDL 1 -apoB production rate was unexpected. This differs from a study in patients with type 2 275 diabetes where exercise training for 6 months, resulting in a 16% increase in VO 2max , reduced VLDL-276 apoB production rate (20). Liver fat was not measured in the latter study, patients were on oral 277 hypoglycemic treatment (metformin and sulphonylureas) and some of the participants were African-278 Caribbean, a group known to have a lower propensity for NAFLD (32). The increase in VLDL 1 -apoB 279 production rate following exercise training in the current study may be explained by the marked 280 decrease in fasting insulin concentration in response to the improved peripheral insulin sensitivity, 281 while at the same time hepatic insulin resistance was maintained. Insulin regulates VLDL assembly 282 (6, 7, 8) , thus a lowering of insulin will increase apoB secretion. It has also been shown in mice that 283 triglycerides can rescue apoB from posttranslational degradation (33). The up-regulation of VLDL 1 -284 apoB production rate in response to exercise training could increase TG export and therefore assist in 285 the reduction of liver fat. This could also explain the maintenance of plasma TG levels despite a 286 decrease in liver fat.
287 The findings of this study differ from a previous study of patients with NAFLD where 16 weeks 288 exercise training at an exercise intensity comparable to the current study had no effect on VLDL-TG 289 and apoB kinetics (14). The discordant findings most likely reflect a greater improvement in both 290 cardiorespiratory fitness and thus a greater reduction in IHCL in our study participants. VO 2max 291 increased by 31% in the current study compared to only a 9% increase in the previous study (14). An 292 alternative or additional explanation is that total VLDL-TG and apoB (sf 20-400) were measured in 293 the previous study, rather than VLDL 1 and VLDL 2 as in the current study. There is evidence that 294 VLDL 1 and VLDL 2 are independently regulated (5) and that exercise primarily affects VLDL 1 295 kinetics (34), and so the effect of exercise on VLDL 1 may not be revealed by measurements on total 296 VLDL. VLDL 1 carries more TG compared to VLDL 2 per particle and LPL has been shown to have a 13 298 In NAFLD, CV events are the most common cause of mortality (36). Both the FRS, which has been 299 shown to accurately predict the actual 10-year CV disease risk in patients with NAFLD (37), and 300 arterial stiffness, an indicator of CVD and independent predictor of the corresponding risk and LDL 301 cholesterol were decreased following exercise training. The reduced LDL cholesterol may be related 302 to the small weight loss (38). These measures demonstrate that 16 weeks exercise training can reduce 303 CVD risk in NAFLD.
304 The correlation between liver fat and cardiorespiratory fitness suggests the latter is the main driver for 305 reduced IHCL in the exercise group. However the small weight loss in the exercise group will have 306 contributed to the reduction in IHCL (11). Both endurance and resistance exercise with and without 307 weight loss have been shown to reduce liver fat (39). The decrease in IHCL following exercise was 308 not accompanied by any change in IMCL. This has also been reported in a previous exercise study in 309 obese subjects (13). A recent meta-analysis of 33 studies examining the effect of lifestyle 310 interventions on ectopic fat deposition in overweight and obese adults showed only a non-significant 311 trend toward reductions in IMCL (40). Although the meta-analysis suggested pancreatic fat reduced 312 with exercise, this was not found in the current study. There have been few studies specifically 313 addressing effects of exercise intervention on pancreatic fat. 314 In conclusion, with an exercise intervention in non-diabetic men with NAFLD that significantly 315 improved fitness and cardio-metabolic health, and produced a significant reduction in IHCL, the liver 316 continued to export excessive amounts of TG in VLDL. This may reflect the failure to normalise 317 IHCL and restore hepatic insulin sensitivity. A longer duration or higher intensity exercise 318 intervention, or a combined approach with calorie restriction, may be required to achieve this and to 319 lower plasma TG and VLDL production rate. 
